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air the less the 
is generally, but 

that the dust content of the air 
not yet able to 

espressed the 
opinion that the blanket of moisture, smoke, and dust 
over a city tends to prevent radiation of heat at night, 
and during the day arrests niuch of the heat which 
reaches the suburban station. I see no reason to ques- 
ion this conclusion. 

EVAPOBATION IN THE CANAL ZONE. 

By H. G. CORNTEWAITE, Chief Hydrographer. 
[Dated: Balboa Heibts, C. Z., Jan. 16,1919.1 

Evaporation is the process by which aqueous vapor is 
taken up from water surfaces and moist land areas 
and returned to tho atmosphere. The water vapor in 
the air is dorived primarily from the lar e ocean areas. 
It is carried about and distributed over t 5 o earth’s sur- 

u 
I7 

8 

1: 

!: 

2 “  
% #  

6 :  

B 7  

J 

I 
I 

rn ,111 mu M# IAP .+uv rn .wr s r ~ 7  OCT wi’ mc. 

Fxo. 1.-Gatun Lake rainfall and evaporation. 

Condensation and pre- face by the prevailin 
cipitation complete t- e “meteorological cycle ” and 
return the water to thc earth’s surface again in the form 
of rain or snow. 

The laws of evaporation are com lex and not thor- 

the rate of evaporation are wind movement, tempera- 
ture, and vapor pressure. In  regions such as the Canal 
Zone, where equable temperature conditions prevail, 
wind movement and vapor pressure are of paramount. 
importance in controlling the rate of evaporation. 

Since an adequate water supply is essential to the 
successful operation of the lock type of canal a t  Panama, 
the rate of evaporation from the surface of Gatun Lake 
has an important bearing on the successful operation of 
the canal, especidly during the four dry-season months 
when the rainfall and run-off are deficient. In  recent 
years valuable eva have been collected a t  
stations located a t  Grande, and Brazw 
Brook reservoirs, Theso records 
are discussed herein. 

Instrumental epuipment.--The equipment a t  each 
evaporation station consists of a copper pan 4 feet in 
diameter and 10 inches dee floating in the lake. An 
anemometer for recording %‘ e wind movement, a ther- 
mometer for registering the water temperature, and a 

5l winds- 

oughly understood, but the principa P factors controlling 

rain gage for measuring tho recipitation, complete the 

tion pan is protected from wave action by a wooden 
f!ame roperly buoyed. In  locating evaporation sta- 

surrounding the pans as closely as possible approxi- 
mating the conditions that prevail over the lake surface. 
Tho water level within the pa.ns is maintained a t  approxi- 
mately 4 inches below the top to prevent the overflow 
of the pan during heavy rains. A sharppointed co 
indes or zero point is set in the center of t.he pan. K! 
indes is protect.ed by a 6-inch perforated copper cylinder 
still well, which serves to reduce t.he wave motion of the 
water surrounding the index, thus permitting more 
accurate readings of the daily evaporation. 

Readings are made daily by measuring the quantity 
of water pourod into the pan to bring the water surface 
csactly to the top of the copper indes or zero point, 
due allowance being made for any rainfall that may have 
occurred since the previous readino. A measuring cup 
having esact.ly one one-hunctrcdtLs the cross-section 
area of the evaporation pan is used in measuring the 
quantity of water poured into or removed from the pan. 

injtrumental equipment of t g e station. The evapora- 

tions t K e aim has been to obtain conditions within and 

Ro. 2.-Gatun Lake evaporation and allied pbenomena for the year 1917. 

Evaporation records.-The average annual eva oration 
from a pan floating on the surface of Gatungake is 
approximately 62 inches. The rate of evaporation is 
much higher during the dry season than in the rainy 
season as the dry-season weather conditions favor a 
higher rate of evaporation. The higher wind movement, 
low humidity and vapor pressure, light cloudiness and 
higher day temperatures of the dry season aU tend to 
accelerate the rate of evaporation. 

The quantity of water lost from the surface of Gatun 
Lake during the four dry-season months is nearly as great 
aa the quantity lost during the eight months of the rainy 
season. The greatest dally evaporation loss of record 
from Gatun Lake is 0.4 inch, occurring in March, 1918. 
Fig. 1 shows the relation between the rainfall and 
evs>oration on the surface of Gatun Lake, while Sg. 
2 shows the relation between evaporation and its 
allied phenomena on the lake for the year 1917. The 
close parallelism of the monthly evaporation and the 
average wind velocity curves is noticeable; also the 
inverse relationship of the rainfall and evaporation curves. 

Day- and ni ht-time cvaporatim.-Comparative records 
of the day an i night evaporrtion indicate that approxi- 
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mately 60 per cent of the evaporation loss occurs during 
the daytime, 8 a. m. to 8 ptm., and 40 per cent at  night. 
Comparative day and night evaporation records are given 
in Table 1. 

Variations in rate qf evaporation. --Evaporation records 
were obtained from selected locations on Gatun Lake, to 
determine the relative rates of evaporation from the o en 

covered margins. One floating pan was anchored well 
out in the open section of the lake. Another was located 
in the timber fringe bordering the south shore and a third 
was placed in the midst of a grassy marsh. The records 
were continued for sis m o i r t l i s  during the rainy season , 
with the I'oUou-ing results: 

sections of the lake and along the grass and tiin \ er 

Evaporation from open lake, 100 per cent. 
Evaporation from timber fringe, 73 per cent. 
Eva oration from grassy marsh, 75 per cent. 
The \ igher rate of enporation from the open sections 

The rate of eraporation Y r o i n  the protected margin of the 

of the lake is due, IirincipaUy, to the greater wind move- 
ment there, which tends to prevent the accumulation of 
a vapor blanket direct1 overlying the water surface 

lake varies, depending upon the degree of protection 
froni wind movement and c!irect solar radiation. 

Best espo~~~e.-Evaporatlon records from pans floating 
in lake or reservoir are considered about as accurate and 
representative as can be obtained under naturd condl- 
tions of e s  osure. They are thought to be more reliable 
than recor x s from pans esposed on the land surface, but 
care should be taken not to place t.he floating pan in a 
location too freely exposed to high winds and heavy 
wave action, or inaccurate records may he obtained, due 
to the splashing of water into or out of the pan. 

Dry-season evaporation records are considered niore 
accurate than the rainy-season records, as occasional 
heavy downpours in the rainy season may inipair the 
accuracy of the records, on account of an inequality in 
the catch of rainfall in the evaporation pan and in the 
rain gage. 

Monthly evaporation records at Canal Zone stations 
are . given _ _  - in Table 2, while figure 3 shows a view of a 

~ 

typical lake evaporation station. 

TABLE l.-Compnrathe value9 for day cnrd wiqh1.l 
- 

lsos ' 1909 ! 
I - - _. . .. - .__ . - __ .. - 

Month. I Ancon. I Bas Obispo. Cristobal. Ancon. Cristobal. 
____ 

January. . . . . . . . . . . . . . . 
February.. . . . . . .i 
March. .. . . . . . . . .I 5.566 

1 Readln taken at 8 a. m. and 8 p. m. daily. 
a 11 man% i m .  
Exposed &crete tank 11 feet in diameter at Bas Oblspo. Protected tanks 10inchev 

In dlametez at Ancon and krbtobal. 

1 Rerords from exposed concrete tank 124 lectin dlameter at Bas Oblspo. * rtstion clomrl. 
E ~ p o s d  pans 4 feet in diameter and 10 inches deep, floating in water at Rio Gmde, 

Brazos Brook. and Gatun Lake. 

EVAPOBATION COMPARED WITH VAPOB PBESSWE DEFICIT 
AND WIND VELOCITY. 

13y EARL S. JOHNSTON, .4sswiate Plant Physiologist. 
[ h l o d :  Maryland Agiicultuml Experiment Station, College Park, Md., Jan. 31, 1919.1 

Atmospheric moisture plays an important r81e in the 
growth and behavior of plants and can not be over- 
hoked in physiological and ecological studies. Atmos- 
pheric moisture conditions have frequently been studied 
by nieans of atmometers and the rate at  which these 
instruments lose water has been taken as a measure of 
the evaporating power of the air.1 The rate of evapora- 
tion from these instruments as well as the rate of trans- 

iration from plants is freatly influenced by wind, 
!y the temperature of t e surface 81) dependent on 
ra.diant energy and air temperature, and by the amount 
of water vapor present in the atmosphere. Many at- 
tempts have been niade to show a relationship between 
these conditions and the amount of evaporation, but iiiost 
of the equations formulated are of little value in field 

I Objections h ~ v e  frequently been mnde to the expression "evaporating power of the 
air:' Strictly speaking. the air by its presence hinders the rate of evaporation. The 
term here used is da:ined by Dr. B. E. Idvingston. ".Umosph~ric evaponting power 
r&rs to the external surroundings of the evapmating surface (usnall to the air space 
ahova it, &b~: i t  it, etc.) m d  it need nJt spx?blly refer to the air Itsel[ for if there were 
no air prmnt this s p m ~  would still posscss an ewporottng power. The evaporating 
?we, of tha .rir over 3 surfwe is considwed as proportional to the reciprocal of the ten- 

ency of i l l  the cmtilions etTectiva in the spice ovor thst surfice to resist the vapori- 
zation of wJtar thdrefrom." Atmomotric units. Johns Hopkins Unlv. Cir March 
191i p. 160-170. (See especiallv ~ 1 6 1 . )  Other expressions such as "potentioibvapora! 
tion;# and "evaporativity" h a h  en suggested. 


